We investigate the latent stage-sequential patterns of drinking behaviors of U.S. adolescents who have started to drink by age 14 years (seven years before the legal drinking age). A multiple-group latent transition analysis(LTA) with logistic regression is employed to identify the subsequent patterns of drinking behaviors among early-onset drinkers. A sample of 1407 early-onset adolescents from the National Longitudinal Survey of Youth(NLSY97) is analyzed using maximum-likelihood estimation. The analysis demonstrates that early-onset adolescents' drinking behaviors can be represented by four latent classes and their prevalence and transition are influenced by demographic factors of gender, age, and race.
Introduction
According to the 2009 Youth Risk Behavior Survey(YRBS), a national survey of the United States (U.S.), 21% of high school students began to drink alcohol before the age of 13 (Centers for Disease Control and Prevention, 2010) . This very early-onset drinking has been a well-known risk factor for health and well-being among adolescents between the ages of 12 and 20. Indeed, numerous studies have found that early-onset drinking is linked to a variety of other risky behaviors that have adverse health consequences. For example, the earlier a youth begins to drink, the more likely it is that the youth will at some point have unintentional injuries (Hingson et al., 2000) , drive after drinking (Lynskey et al., 2007) , and engage in physical fights (Hingson et al., 2001) .
Recently, the idea of latent stage-sequential process has motivated numerous studies on the initiation and progression of alcohol use, since prevention scientists are able to find the intervals that provide the best opportunities to slow the process of alcohol dependence. The current study investigates the latent stage-sequential process of drinking behaviors among U.S. adolescents who have started to drink by age 14 years. We employ a multiple-group latent transition analysis(LTA) with logistic regression. The LTA has been derived from the family of latent class analysis(LCA) (Clogg and Goodman, 1984; Goodman, 1974) , where the measurement model at each time point is specified with an LCA, and stage-sequential process can be summarized by the transition probabilities among latent classes over time. The multiple-group LTA estimates the group-specific probability of belonging to any of hypothesized latent classes at each time point. In addition, the model estimates the group-specific transition rates among latent classes over successive measurement occasions. A transition among latent classes is typically represented with a first-order Markov chain, on the assumption that class membership at time t depends only on class membership at time t − 1.
We provide detailed explanation of a maximum-likelihood(ML) estimation method via ExpectationMaximization(EM) algorithm (Dempster et al., 1977) . In terms of demonstration, we suggest some speculative interpretations from the proposed LTA based on substantive findings using data from the National Longitudinal Survey of Youth 1997 (NLSY97, http://www.bls.gov/nls/nlsy97.htm).
The organization of the rest is as follows. We introduce the LTA and provide estimation strategies using the ML method in Section 2. In Section 3 we apply an LTA to alcohol drinking items drawn from the NLSY97 to assess stage-sequential process of alcohol use among early-onset drinkers. In Section 4 we discuss the advantages and limitations of an LTA application and conclude the paper.
Latent Transition Analysis and EM Algorithm

Model
Suppose we construct a multiple-group LTA model with C classes from a set of M items over T time periods. The group variable Gi represents the group membership for the i th individual ranging from 1 to G, and Ci = (Ci1, . . . , CiT ) denotes a vector of the latent class membership variable for the i th individual from initial time t = 1 to time T , where variable Cit takes possible values 1, . . . , C.
Let yit = (yi1t, . . . , yiMt) ′ be a vector of discrete responses to M items given by the i th individual.
These item responses are used to measure latent class membership at time t, where each yimt can take values from 1 to rm for m = 1, . . . , M . Further, let xit = (xi1t, . . . , xip t t) ′ , measured at time t, denote a pt × 1 vector of covariates for individual i that may influence class prevalence at time t. The probability that the i th subject provides responses yi = (yi1, . . . , yiT ) conditioned on Gi = g and (xi1, . . . , xiT ) can be obtained by marginalizing the joint probability of c = (c1, . . . , cT ) and yi over the class membership c:
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where I(y = k) is the usual indicator function which has the value 1 if y is equal to k and 0 otherwise. In likelihood (2.1), the following three sets of parameters are estimated:
